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RAMP RESPONSE

Figure 46(c). Bismark (1/700) - Starboard; Scale: 1.336.
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Figure 47(a). Mogami (1/700) - Bow on; Scale: 0.676.
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Figure 47(b).

Mogami (1/700) - Stern; Scale:
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RAMP RESPONSE

Figure 47(c). Mogami (1/700) - Starboard; Scale: 0.948.
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Figure 48(a). Hayanami (1/700) - Bow on; Scale: 0.148.
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Figure 48(b). Hayanami (1/700) - Stern; Scale: 0.149,
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RAMP RESPONSE

Figure 48(c).
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Hayanami (1/700) - Starboard; Scale: 0.464.
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RAMP RESPONSE
|

Figure 49(a). Shimokaze (1/700) - Bow on; Scale: 0.066.

RAMP RESPONSE
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Figure 49(b). Shimokaze (1/700) - Stern; Scale: 0.079
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Figure 49(c). Shimokaze (1/700) - Starboard; Scale: 0.246.

73




L TR LRI
fuo(8:¢,p,t) = Z = cos [nw t] . (45)
n=1

Note that the response in Equation (45) utilizes only the amplitudes
squared of the measured harmonic scattering data. No claim is made

that the matched filter-type response is an ideal identification tool.
It is, however, one method for utilizing widely separated, in frequency,
measured scattering data whose phases are questionable. Also, as will
be seen, the approach yields response waveforms more nearly compatible
with a complex natural resonance approach in the sense of effecting
decays. Matched filter-type responses for the vessels in Table I are
shown in order in Figures 50 through 57 where, as before, three wave-
forms are shown in each figure. The filter responses are shown as

solid curves; the dashed curves are the responses obtained from finite
exponential approximations of the indicated portions of the solid
curves. We will discuss the exponential fits briefly at the end of this
section, indicating that the exponentials obtained must be interpreted
carefully. It can be seen from the matched filter-type responses
however that good exponential fits can be obtained.

A summary of the complex exponentials obtained from approximate
fits of the matched filter responses is given in Table II. The
response in Equation (45) can be viewed as an approximation to a
matched step response. It must be remembered however that calculations
as in Equation (45) are using a very few samples. It can be anticipated
that an exponential approximation of Equation (45) will require oscil-
latory frequencies larger than in the original samples. It is maintained
that the complex numbers given in Table II are characteristic of the
vessels but no attempt to associate the numbers with particular
component structures is made. In a following section it is shown that
discrimination of the vessels can be achieved using the numbers in
Table II and a predictor-correlator processing. However, Table II
shows that the numbers are not yet excitation invariant. Swept frequency
measurements over the same bandwidth covered by the discrete samples
would be desirable and are planned for the future. An example of one
such measurement has been made. Two 1/700 scale models of the Missouri
were connected at the waterline using RF conducting tape. This forms
a target-image pair. This configuration was then placed in a string
holder used for free space swept frequency measurements. A bi-static
angle of approximately 35° was used. Magnitude and phase information
were recorded covering the 2150 to 4000 MHz frequency range for both
vertical and horizontal polarization (results shown in Figures 58 and
59 respectively). Polarization is with respect to the plane of the
target-image junction. The bistatic separation is in the plane
orthogonal to the polarization vectors. For horizontal polarization,
three regions (large response resonances) are of interest for both
bow-on and stern-on incidence while nothing really significant is seen
at broadside. Virtually the same situation exists for vertical polari-
zation. It is true that certain modes are missing with this type of
modeling but these would be included with the target on the ground plane.
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(Listed in order of decreasing residue magnitude)

TABLE II

COMPLEX POLES FROM SHIP DATA™

Ship : . Bow Stern Starboard
Midway (1/500) -5.83%j26.1 -18.2£334.9 -2.13%j27.2
8.01%j75.6 -36.7+381.5 -1.10%£30.00
-147%j0.00 -5.52£3126 -2.42%j74.0
26.2+j29.2
Missouri (1/500) | -7.93xj9.70 0.795£j13.2 -3.65zj12.4
-11.7=zj107 -82.7%30.00 -124£3j0.00
-5.81£j5.98 -15.4%j87.4 -11.32379.1
2.892j135
Sverdlov (1/500) | -7.31%j26.0 -0.168£j13.5 -26.4:318.2
5.84£j0.00 -12.9%3j71.7 2.09+30.00
-1.13£j101 -66.4£3192 -12.9£j95.1
Missouri (1/700) | -0.811zj8.78 -1.05%£j9.29 -19.113j0.00
-1.83%j42.3 -2.02£j0.00 -50.8£j0.00
-28.0xj137 -4.992396.5 -18.31j74.1
0.320+j0.00
Bismark (1/700) -15.6%j27.0 -16.4230.00 -3.432318.6
-24,2:398.9 =0/.753£j33.3 -63.4£j0.00
3.15j74.7 -30.2£j89.8 -24.2£j61.7
15.5&£518.0 7.24:30.00
Mogami (1/700) -5.182j15.6 -0.938j7.03 -4,90£38.33
-146-3j137 -37.02j0.00 -3.381j45.2
-4.46%3j28.1 -2.89£3j88.6 -31.3-3137
Hayanami (1/700) | -1.63%j19.3 -1.662319.1 -10.3%339.5
-2.15£338.9 -1.20%341.5 -1.88%3j17.5
-3.27%397.7 -5.37%391.0 -10.5%365.2
-2.84£j97.6
Shimokaze (1/700)| -5.76%j28.8 -6.33%£330.6 -16.7%j20.6
-4.97%350.9 -44.,41340.8 -25.8tj65.4
-0.724%£j95.6 -8.422395.1 -1.60%3j54.8
2.92%50.00 -2.96%399.2
5.85£389.3
*The poles are scaled such that the imaginary parts are in MHz.
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DATA FILE:
DATAR ID
SHIFT
NSTART
NLRST

» POLES
VSCALE
NRMS ERR

SHP27
MIDWRY
0.0

1

200

S
14.673

(1/500) -BOW ON

0.017858

MFR RESPONSE

Figure 50(a)
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DATA FILE:

DATA ID
SHIFT
NSTARRT
NLAST

VSCALE
NRMS ERR

MFR RESPONSE
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S0 00 50 00 80 0

o~

-
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0.0

1

200

8
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L D)

Figure 50(b)

77
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Figure 50(c)
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DATA FILE: SHP1
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Figure 51(a)
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Figure 51(b)

80

|
i
I
|
L3
i




DATA FILE: SHP23
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Figure 52(a)
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Figure 52(b)
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DATA FILEt SHP26
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Figure 52(c)
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DATA FILE:s
DATA ID
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Figure 53(a)
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DATA FILEs
DATR IO
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S
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Figure 53(b)
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DATA FILEs SHP17
DATA ID « MISSOURI (1/700) -STARBOARD
SHIFT t 0.0
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Figure 53(c)
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CATA FILE:
DATA ID
SHIFT
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—

<

1
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Figure 54(a)
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ODATA FILE:
DARTR ID
SHIFT
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Figure 54(b)
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DRTA FILE:
DATR ID
SHIFT t
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Figure 54(c)
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DATA FILE:
BARTA ID
SHIFT
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Figure 55(a)
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